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SPECIFICATION 

1. Title of the Utility Model 

Fault diagnosis device for water temperature sensor 

2. Claims for the Utility Model 

(1) A fault diagnosis device for water temperature 
sensor in an internal combustion engine including the water 
temperature sensor composed of thermistor, comprising timer 
means for detecting that a specified time has elapsed since 
the internal combustion engine has been started, and comparison 
means having a reference temperature corresponding to the lower 
limit of the engine temperature which may be resulted after 
the elapse of the specified time, for determining that the water 
temperature is in an abnormal state when the temperature 
detected after the specified time has elapsed is equal to or 
lower than the reference temperature. 

3. Detailed Description of the Utility Model 

Field of Industrial Application 

The present utility model relates to a fault diagnosis 
device for diagnosing a fault in a water temperature sensor 
composed of thermistor attached to an internal combustion 
engine, and specifically, for diagnosing the presence or 
absence of abnormality in its feature. 
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Prior Art 

In recent internal combustion engines, many kinds of 
electronic control systems are put into practical use for fuel 
inj ect ion amount control , idle rotation speed control , ignition 
timing control and the like. In order to execute there 
controls, an engine temperature is one of the very important 
factors. The engine temperature is normally represented by 
an engine cooling water temperature, and a water temperature 
sensor composed of a negative characteristic thermister is 
generally used for detecting the cooling water temperature. 

As a fault diagnosis device for this kind of water 
temperature sensor, a device described in, for example, 
Japanese Laid-Open Patent Publication No. 54-141926 has been 
conventionally known. This device detects an abnormality by 
comparing an output voltage from the water temperature sensor 
with specified reference voltages. As the reference voltages , 
a voltage value corresponding to an extremely high engine 
temperature which is normally impossible and a voltage value 
corresponding to an extremely low engine temperature which is 
normally impossible are selected. In other words, this device 
determines that an abnormality, that is, short-circuit or 
disconnection has occurred in the water temperature sensor when 
the detected temperature is at extremely high temperature or 
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extremely low temperature which is impossible as an engine 
temperature . 



Problems which the Invention Solves 

However, the foregoing conventional fault diagnosis 
device can detect only a state in which the water temperature 
sensor is completely disconnected or short-circuited. 

For example, when an excessively large voltage is 
applied to the water temperature sensor composed of thermistor, 
the resistance value thereof becomes larger than a normal state 
as a whole (see FIG. 5), and the detected temperature 
considerably deviates from a correct value. Such a 

characteristic abnormality in the water temperature sensor 
cannot be detected by the foregoing conventional device. 

Means by which the Problem is Solved 

In most cases, the characteristic abnormality in the 
water temperature sensor composed of thermistor exhibits such 
a change that the resistance value becomes large, that is, the 
detected temperature deviates toward a low temperature. 

In view of the foregoing tendency, in the present 
utility model, if the temperature detected at the time when 
the warming-up of the internal combustion engine has proceeded 
to some extent is low, the water temperature sensor is determined 
as being in an abnormal state. Specifically, as shown in FIG. 
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1, a fault diagnosis device for water temperature sensor 
according to the present utility model in an internal combustion 
engine 2 including the water temperature sensor 1 composed of 
thermistor, includes timer means 3 for detecting that a 
specified time has elapsed since the internal combustion engine 
2 has been started, and comparison means 4 having a reference 
temperature corresponding to the lower limit of the engine 
temperature which may be resulted after the elapse of the 
specified time, for determining that the water temperature is 
in an abnormal state when the temperature detected after the 
specified time has elapsed is equal to or lower than the reference 
temperature . 

Func t ion 

The engine temperature after a specified time has 
elapsed since the internal combustion engine 2 has been started 
is experimentally obtained. As a matter of course, since the 
engine temperature differs depending on the outside air 
temperature and the like, the case where an increase in the 
temperature is the smallest under the normal use conditions 
is assumed and some deviations are allowed for this temperature , 
and thus-obtained lower limit temperature is used as a reference 
temperature . 

If the water temperature sensor 1 has a characteristic 
abnormality caused by application of an excessively large 
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voltage thereto, the detected temperature becomes considerably 
low. Therefore, its abnormal state can be detected by 
comparing the detected temperature with the reference 
temperature . 

Embodiments 

FIG. 2 is a construction diagram showing an embodiment 
of the present utility model. The reference numeral 11 denotes 
a water temperature sensor mounted at a proper position on a 
cooling water path in an internal combustion engine, and 12 
denotes a control unit for detecting a cooling water 
temperature, that is, an engine temperature as well as for 
diagnosing a fault of the water temperature sensor 11 based 
on the detection signal from the water temperature sensor 11. 
The control unit 12 executes various controls over the internal 
combust ion engine , for example, fuel injection amount control, 
idle rotation speed control, and the like using the detected 
temperature . 

The water temperature sensor 11 uses a negative 
characteristic thermistor as a sensor element, and one of the 
terminals thereof is connected to a point A of a temperature 
detection circuit 13 composed of aresistors R u R 2 . The voltage 
at the point A is read via an A/D converter 14 . A power supply 
voltage V cc of about 5V is applied to the temperature detection 
circuit 13 . 
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The control unit 12 is composed of a digital 
microcomputer, and mainly includes a CPU 15 for executing 
various calculations, a ROM 16 for storing control programs 
and fixed data, a RAM 17 for temporarily storing various kinds 
of data, an I/O port 18, an A/D converter 14 and the like. 

Further, in this embodiment, a crank angle sensor 19 
detects that the internal combustion engine has been started, 
and the output signal from the crank angle sensor 19 is input 
into the control unit 12. 

Next, FIG. 3 is a flowchart of a fault diagnosis program 
executed in the control unit 12. Hereinafter, the steps in 
this flowchart will be described. 

First, in Step 1, it is determined whether or not the 
internal combustion engine is rotating based on the output 
signal from the crank angle sensor 19. If the operation of 
the internal combustion engine is in a stopped state, the process 
proceeds to Steps 8 and 9 where a warming-up determining timer 
TMTWJ and an abnormality determining timer TMTWNG are cleared. 
If the internal combustion engine is in an operated state, the 
process proceeds to Step 2 where the warming-up determining 
timer TMTWJ is successively incremented. Therefore, the time 
elapsed after the internal combustion engine has been started 
is indicated as a value displayed on the warming-up determining 
timer TMTWJ. 
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In Step 3, it is determined whether or not the elapsed 
time, that is, thevaluedi splayed on the warming-up determining 
timer TMTWJ reaches a specified value TWJDLY . If the elapsed 
time has reached or exceeded the specified time TWJDLY, the 
process proceeds to Step 4 where the water temperature 
abnormality is determined. As a matter of course, although 
the specified time TWJDLY differs from individual internal 
combustion engine, it is about 5 to 8 minutes, for example. 

In Step 4, it is determined whether or not the detected 
water temperature TW falls within a range between the upper 
limit temperature TWOK1 and the lower limit temperature TW0K2 . 
The upper limit temperature TWOK1 is set at an extremely high 
temperature which is normally impossible as an internal 
combustion engine as is the case of conventional cases, and 
this setting enables to detect short-circuit of the water 
temperature sensor 11. The lower limit temperature 

TWOK2 is used for detecting the characteristic abnormality 
(including disconnection) in the water temperature sensor 11, 
and is set at a value corresponding to the lower limit of the 
engine temperature which may be resulted after the elapse of 
the specified time TWJDLY. As a matter of course, although 
this value also differs from the exhaust amount of the internal 
combustion engine or the elapsed time TWLDLY, it is about 20 
to 40d, for example. 
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For example, FIG. 4 shows a change in the cooling water 
temperature in the case where the internal combustion engine 
is started at the outside temperature of — 30D and is left in 
an idling state. Specifically, the internal combustion engine 
is under the condition where an increase in the temperature 
after it is started is the most moderate. In this example, 
the cooling water temperature reaches about SOD after the elapse 
of 8 minutes since the. internal combustion engine has been 
started. Therefore, in this example, the elapsed time TW may 
be set to 8 minutes and the lower limit temperature TWOK2 may 
be set to about 20D allowing for some deviations, for example. 

In Step 4, if it is determined that the detected water 
temperature TW is out of the specified range between TW0K1 and 
TOWK2 , the process proceeds to Step 5 where the abnormality 
determining timer TMTWNG is incremented. If it is determined 
that the detected water temperature TW falls within the range 
between TW0K1 and TWOK2 , the process proceeds to Step 9 where 
the abnormality determining timer TMTWNG is cleared. When the 
value displayed on the abnormality determining timer TMTWNG 
reaches the specified value TWNGD , the process proceeds from 
Step 6 to Step 7 where the abnormality determining flag TWNG 
for indicating that the water temperature sensor 11 is in an 
abnormal state is set to "1" . It is sufficient that the 
specified value TWNGD is set to several seconds, for example. 
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Effect of the utility model 

As is obvious from the above description, the fault 
diagnosis device for the water temperature sensor according 
to the present utility model can securely detect not only the 
complete disconnection and short-circuit as is the case of the 
conventional devices, but also the characteristic abnormality 
which has occurred when the resistance of the water temperature 
sensor becomes large. Therefore, the reliability of various 
controls based on the temperature detected by the water 
temperature sensor can be further enhanced. 

4 . Brief Description of the Drawings 

FIG. 1 is a diagram corresponding to claims showing 
a structure of a fault diagnosis device according to the present 
utility model. FIG. 2 is a construction diagram showing an 
embodiment of the present utility model . FIG. 3 is a flowchart 
showing a fault diagnosis program in this embodiment. FIG. 
4 is a characteristic diagram showing an example of a change 
in the water temperature after the internal combustion engine 
is started. FIG. 5 is a characteristic diagram showing a 
relationship between the resistance value and the water 
temperature of the water temperature sensor. 

1: Water temperature sensor, 2: Internal combustion 
engine, 3: Timer means, 4: Comparison means 
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(FIG. 1) 

1: Internal combustion engine 

2 : Water temperature sensor 

3 : Timer means 

4 : Reference temperature 

5 : Comparison means 

(FIG. 3) 

1: Start 

2: Engine rotating? 
3 : TMTWJ increment 
4 : TMTWJ clear 
5 : Return 
(FIG. 4) 

1: Cooling water temperature (°C) 

2: Time elapsed after start-up (min. 

(FIG. 5) 

3: Resistance (kQ ) 

4 : When abnormal 

5 : When normal 

6: Water temperature (°C) 



11 



THIS PAGE BLANK (uspto) 



i 



J P-U-61 -099650 teaches a self-diagnosis and fail-safe apparatus for an engine 
coolant temperature detecting circuit. Each time coolant temperature is 
detected, a change of temperature in a unit time is calculated and compared with 
a reference value. If the calculated temperature change is abnormal, 
abnormality is indicated, and the previously detected temperature is used for 
various controls. 



JP-U-02-050043 teaches a coolant temperature sensor diagnosis apparatus. 
When a predetermined time passes after an engine is started, a coolant 
temperature is detected and compared with a reference temperature, which is 
predetermined as a lowest limit which the coolant temperature should attain. If 
the detected temperature is lower than the reference temperature, a coolant 
temperature sensor is determined as abnormal. 



JP-U-02-072343 teaches a coolant temperature detecting apparatus. When an 
engine coolant temperature is detected as being abnormal, the coolant 
temperature is estimated as increasing based on the time of operation of the 
engine after being started, and used in place of the detected temperature. 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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